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While there has been much experimental effort devoted to searches for double a-decay, comparatively little work has been done on double a+ , a+ lelectroncapture, and double electron-capture decayl-4 • To date, there are no conclusive laboratory observations of any double beta 'decay mode. However, because of the possible implications for lepton-number conservation and for the mass of the neutrino, it is important to search for evidence of these processes with the greatest sensitivity currently possible. In a previous study5 , searches were made for the a+ IEC and double EC decays of 58Ni and 106 Cd and for the a+a+ decay of 106 Cd • In the oresent work, a similar technique has been employed to search for the S+ IEC decays of 50 Cr , 64 Zn , 92 Mo , and 96 Ru , and for the a+a+ decay of 96Ru • The possible decay schemes of these nuclei are shown in Fig. 1 . All energies, spins, and parities used in the present work are taken from Ref. 6 If a a+ IEC or a a+a+ decay occurred within a thick sample of material, almost all of the positrons would stop and annihilate within the sample. Subsequently either two or four strongly correlated coincident 511-keV annihilation gamma rays would be emitteri. The comparatively low-energy x rays that would also be emitted in the process of S+ IEC decay would be severely attenuated in the sample. To detect the qamma-ray siqnatures of s+ lEe andlor S+S+ decay, two 110 cm 3 high-purity Ge detectors were used. The sample under study was sandwiched directly between the front faces of the two detectors. The 10?2-keV counting rates observed from all of the samples studied are listed in Table L These rates are much larger than those expected from cosmic-ray interactions. To determine the origin of this line, several tests were performed. The lead shielding was removed, and a 22Na positron source was placed ab'out 3 cm directly above the normal· sample position. The source was collimated so that the positrons could not strike the top surfaces of the detectors. Data were accumulated both with and without a sample between the detectors. As was expected for such low-energy positrons, fewer l022-keV events were observed when a sample was present than were seen without one. When similar tests were performed with a 56Co gamma-ray source (which was surrounded ·with sufficient material to stop the oositrons), just the opposite effect was seen; more 1022-keV events were detected with the sample present than without it. The sources were then removed, and counting was done both with and without samples present. Again, more 1022-keV events were seen with a sample than without one. Finally, the shielding was replaceci, all sources were removed, and data were taken for a period of 52.4 hours with no sample present. As can be seen from Table I , fewer 1022-keV events were seen in this "empty" run than in any of the runs for which a sample was present.
These observations can be accounted for by the following mechanism. Although the flux of high-energy gamma rays reaching the sample volume is greatly reduced by the lead shielding, some still do so. These gamma-rays can then pair produce in the sample itself. The resulting positrons annihilate within the sample to produce the observed coincident 511-keV gamma rays. Possible sources of these high-energy gamma-rays inclurle the ciecays of uranium and thorium daughter isotopes contained in
~ buildinq materials, and also the radiation produced by the nearby 88-inch Cyclotron.
In fact, it was noticed that the 1022-keV counting rate increased substantially whenever high neutron fluxes were produced by the cyclotron beam. Data taken during these periods were discarded.
The counting rates in the 1022-keV peak observed from the Cr, Zn, Mo, and Ru samples were (within the statistical uncertainties) equal to those seen from the Al with the system usecf in the present work, the probability for observing a three-fold coincidence is quite small. Thus, only very loose limits were obtained by searching for these hiqher energy peaks. However, these tests showed that the absence of a l022-keV peak can also be used to establish limits on the half-lives of 96 Ru against s+ IEC decay to excited states in Mo and on the ground state --+) ground state 8+8+ decay half-life. These results are summarizeri in Table II .
There have been few previous searches for such decays. 
